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ABSTRACT

EFFECT OF COLOR AND FLAVOR MODIFICATIONS
ON THE PALATABILITY AND GEL STRUCTURE
OF STANDARD BAKED CUSTARD

By Mary Evelyn Garlicxk

The purpose of this lnvestigation was to study the ef-
fect of the addition of the nine possible combinations of
three different peach colors and three levels of peach fla=-
vor on the palatablility and gel structure of standard baked
custard.

The basic formula contained a constant proportion of
insredieﬁts using reconstituted dried whole milk, fresh eggs
and sucrése. Each of the nine treatment variables contalned
one of three peach colors - designated light, medium, and
dark color - and one of three levels of peach flavor - desig-
nated low, medium, and high flavor level, A control custard
having neilther added color nor added flavor was used as a
reference for the objective tests., Six replications of each
of the nine treatment variables were prepared and evaluated
at room temperature by subjective and objective methods.

A taste panel (4 women and 3 men) evaluated nine char-
acteristics on a 7-polnt rating scale: crust color, crust
tendernessg, crust flavor, inside color, aroma, inside flavor,
copsistency, texture, and syneresis. ObjJectlve measurements
included pH of the custard before and after baking, gel

strength ae indicated by the penetrometer (crust on, crust
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off) and by per cent sag, and syneresls as indicated by per
cent dralnage.

Analysis of varlance on the subjective scores for the
nine treatment variables indlcated no significant differences
ih 81x characterlstics: crust tenderness, aroma, lnslide fla-
vor, conslstency, texture, and syneresis. The custards were
significantly different in crust color (1% level of probabil-
it}), inside color (1% level of prébabillty), and crust fla-
vor (5% level of probability), For crust color and inside
color the medium color custards, as a group, scored highest.
The custard with medium color and high flavor level scored
hignest for crust color and second highest for inside color.
For crust flavor, the custard with medium color and high fla-
vor level scored the highest followed by two custards con-
taining the low flavor level and dark and medium colors re-
epectively. There was an indication of the "halo effect” of
xcolor izpression on the judges' scores for flavor. The
Judges' scores and comments indicated the color and the fla-
vor were concentrated in the crust, In considering all three
slgnificantly different subjective characteristics, it ap-
peared that the gustard containing the medium color and high
flavor level was scored highest by thls taste panel.

No significant differences existed in any of the quec-
tive measurements. High standard deviatiens in the measure-
mente for both gel strength and per cent dralnage cast doubt
on the reliabllity and sultabllity of these two obJective

measuremente for baked custards. The addition of color and
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flavor did not alter the pH of either the mix or the baked
custards as compared to the control custard,

No significant correlatlions were found between objec-
tive and subjective measurements for gel strength or for
syneresis, The highly significant positive correlations be-
tween crust color and crust flavor and between inside color
and inside flavor indicate further the "halo effect” of color
lmpression on flavor Judgment. Highly significant correla-
tions exlsted between crust color and inside color, between
cruet flavor and inslde flavor, and between texture and syn-
eresis. Positlve correlations (5% level of probability)
exlsted between inslde flavor and aroma and between con-

sistency and texture.
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INTRODUCTION

For many decades home economiste have been concerned
with the lmportance of color and flavor of foods in the
skillful planning of normal and modified diets, These food
attributes have been recognized as lmportant determinants of
consumer acceptance and satlisfaction. More recently, the
research of psycho;ogists and phyesiologlsts has reflected
increased interest in and recogunltion of the effect food
colors and flavors exert on the human appetite (2). Food
technologlists continue to focus their attention on the basic
factors involved in the presgrvatlon of color and flaver in
foods in the development of new processing techniques, new
products, and new forms of established products.

Some dietitlans have recognized the psychological lm~-
pact of color as a key to succeesful meal planning and ser-
vice (60), The appetite inhibiting effect of meonotony in
the diet is an ever present concern of all nutritionists,
Although careful seleétion of food and food comblnations 1s
of prime ilmportance, numerous workers believe that varlatlion
of color and flavor can be of considerable asslstance in re-
lieving monotony in all types of diets (2, 58),

The problem of mondtony 1s, perhaps, more acute in the
formulatlion of restricted dlets than in the planning of nor-
mal onee, especlally in the area of permissible dessert
items. Baked custard, basically a soft, bland, high protein

food consisting of milk, eggs and sugar, 1s used extensively
1



for many types of modified dlets. For the most part, when
baked custards are served the& are yellow in color and vanil-
la flavored. A search of the literature failed to reveal re-
ports of investigations concerned wilth the use of fruit
colore and flavors in the preparation of baked custards. If
selected frult colore and flavors could be added successfully
to a8 basic custard formula, 1tvls conceivable that variations
of this standard dessert item would be useful to both the
homemaker and the profeselqnal dietitian,

Preliminary experimental work 1ndica£ed it 1s possible
to produce a peach colored and peach flavored baxed cuatard
without noticeably altering the gel structure of the product.
On the basis of these limited observations a controlled in-
vesbig#tion was planned to study the effect of peach color
and flavor modification on the palatability and gel structure
of standard baked custard: The obJectlves of thls study were:

1. To identify the types and proportions of food colors
which can be comblined with the natural carotene plg-
ment.s présent in ; standard baked custard mix to
produce a desirable peach color,

2, To determine the type and levels of peach flavors
which, when added to the standard baked custard
formula, préduce custards of scceptable peach fla=-
vor compatible with the peach colors selected for
study.

3., To study the effect of the addition of three



different peach colors and three levels of peach
flavor on the palatabllity and gel structure of

standard baked custard,



REVIEW OF LITERATURE
Color in FqQods

Im ce Color

Color is constantly a part of food, a visual element to
which human eyes, minds, emotions and palates are very sensi~
tive. Through phe ages, man has come to bulld strong and in-
tultive assoclations between what he sees and what he eats,
People demand the right shade in foodstuffs and will accept
or reject a product on its abpearance - quite apart from nu-
tritional considerations (2).

~ Color, the first quallty attribute a consumer perceives,
plays a major part in his willingness to accept a food. It
is often regarded as an index of the general quality of the
product, and may influence the consumer's Judgment of flavor
(238, 42, 57).

What 1s perhaps basic to color and appetite are certain
direct assoclations and known responses to the stimulation of
color. According to Birren (2), bright and "warm" colors
(red, orange, and yellow) tend to stimulate the autonomic
nervous system of man, including digestion, whereas soft and
"cool" colors tend to retard it. Of these warm colors, red
and orange have a more stimulating effect than yellow.

People learn tqo associate colors with various kinde of
experiences with food such as thelr taste, odor, or the total
complex of stimull assoclated with eating, and ultimately

4
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with the resulting degree of satisfaction. However, to
interpret preference for a food on the basis of color alone
without regard to its role as a member of a group of stimull

could result in invalid conclusions (57).

Classes of lors

The two general classificatione of colors in food are
natural and synthetlc. The natural color classification in-
cludes the plgments and appearance factors actually found in
food, such as the hemes, carotenoids, éhlorophylls, anthoe~
cyanins, and flavonoids. Carotene is present in egg and
milk and lutein 1e the yellow coloring matter of egg yolk
(42) . Natural colors also include those derived from vege-
table, animal, and mineral sources. Natural vegetable colors
most commonly added to foods are caramel, from burnt sugar,
and annatto, an extract of annatto seed (60).

Synthetic colors are compounde of known structure pro-
duced by chemical syntheels and conformlng to standards es-
tablished by the U.‘§. Food and Drug Administration. Syn-
thetic colors are most widely used in the food industries
because of the variety of avallable shades, their brilliance

and uniformity, solubility and high tinctorial strength (60).

Addit;gg of Colors to Foods

Foods fall naturally into two groupe when examined on
the basls of color:

1, Foods which have an aéceptable natural color,
or in which an acceptable color is developed
through cooking.



2, Mods which usually require added color in
processing (margarine, cheese, desserts such
as ice cream and sherbets, gelatin desserts,
puddings, candy, cakes, cookles and pastries
as well as many beverages) (60).

According to Jablonski (24), colors have long been used
to improve the appearance of products, The number of color-
ing materials has increased in the past fifty years from a
few simple ones to a vast range of tints and shades, mostly
of synthetic production, and thelr use has become an inte-
sral part of our civilization,

U, S. government regulations

Added colors in foods are regulated by the Color Addi-
tives Amendment of 1960 to the Federal Focd, Drug, and Cos~=
metic Act and are deemed "color éddltives" in the Code of
Federal Regulatiéns(lo). In order to protect the health of
the public, the U. S, Government permits food manufacturers
to use only batches of coal-tar dyes which have been tested
by the U, S. Food and Drug Administration and certifled by
thie agency to be harmless and suitable for use (24).

Certified od colors

Jablonski (24) reports when the Federal Food and Drug
Act was first enacted (1907) the number of permitted coal-
tar colors certifiable for food purposes was limited to
gseven, By 1950 the number had increased to nineteen dyes -
four oll-soluble dyes and fifteen water-soluble dyes, Since

1950 the Food and Drug Administratlon has removed the four

oll~-soluble colors and four of the water~soluble colors fronm



the list of permitted colors because these delisted colors

did not meet the requirements of the Color Additives Amend~

ment of 1960 (10). At the present time there are eleven

certified food colors, all of which are water-soluble (10),

Most of the primary certified food colors have two names, the

official or FD&C' deslgnatione and the common trade name.
FD&C Red No. 4 - eau )

FD&C Red No. 4, commonlyvoallﬁd Ponceau SX, is a red
powder .easily soluble in water, giving an orange-red solu-
tion. In acid solution (pH 2.9) the color becomes very
slightly redder. In alkall solution (pH 8,4) the color 1s
not changed (24). Ponceau 8X 1s the disodium salt of 2~(5-
sulfo-2,4-xylyleazo)~l-naphthol-4-sulfonic acid (10). Ite

structural formula (24) 1iss

C
H3 "
H}C N=N
NaO38
N8.033
FD&C Yellow No, 5 - Tartrazine

FD&C Yellow No. 5, commonly call Tartrazine, is an

orange~yellow powder, easlily soluble in water, glving a
golden~yellow solution, There 1s no visible color change in

elther weak acid or weak alkaline solution (24). Tartrazine

T FD&C eisnifles'FEbds, Drugs and Cosmetics and means that
any certified color with this deslgnation may be used in
foods, in drugs and in cosmetios,
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1s the trisodium salt of 5-carboxy-S-hydroxy-l-stulfophanyl-

4-p-sulfophenyl-azo-pyrazole (10). Its structural formula

NaOBSONzN-lcl—-—ﬁ-COONa

- N
HO Q\ ;

(24) 1s:

OsNa
olor en
Because the list of permitted colors represents a.ee-
lection of shades far too limited to cover food industry
needs, certified blends containing two or more permitted
colors to produce numerous intermedlate shades are avall-

able (60).

Evaluation ggg Measurement qf Color

According to Brice (4), the measurement and specifica-
tion of color is "color science" combining segments of phys-
lcs, chemistry, physiology, and psychology for its complete
undgrstanding. With modern photoelectric instruments, and
peychophysical data adopted by international agreement, the
measurement and speclfication of color can be quite straight-
forward.

Although color evaluatibns may be made elther by subjec-
tive or objJective methods, there is considerable controversy
as to the relative merits of each method in evaluating color

in foods. Color evaluation in food products has become



increasingly important as food technologlsts place more em-
phaslis on product quality, yet color is one of the hardest
quality factors to evaluate. To satisfy the desire for ob~-
Jectivity in recording colore and to overcome the short-
comings of the human eye in color perception, various instru-
ments and devices have been constructed, Some instruments
answered a need; others exchanged one difficulty for another.
As color recording became mechanized, the interpretation of
the data became more difficult (18, 56),

Sub jectlive evaluation

ﬁilson et al, (62) state it ls deslrable to establisgh
objective criteria which could be related to organoleptic
evaluations. However, no specific criteria were given, De~
velopment of such quality indices would greatly alleviate
the difficulties encountered in maintaining a trained panel
of Jjudges and eliminate certain variations due to fatigue in
routine subjectlive testing of a large number of gamplea. The
subjJective methods of color measurement and standardization
based on visual comparisons are subject to shortcomings of
human observers, such as the variablility in the reactions of
different observers, and in those of one observer at differ-
ent times and undeér different viewing conditions, and the un-
relliabllity of color memory. The difficulties assoclated
with sensory testing have encouraged the development of ob-
Jective methods for the measurement of color which eliminate

the human retina in favor of the photoelectric cell (28),
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blectlive measurement

An obJective evaluation of color may be made in a nun-
ber of different ways, including the use of charts, discs,
and instruments., Maerz and Paul's Dictionary of Color and
the Munsell Book of Color prov;de charts for the visual conm-
parison of colors. The Maxwell spinning disc principle has
been used for color measurement for over 1Q0 years., Avall-
able types of instruments for measuring color include:
visual colorimeters, comparators, spectrophotometers, and
tristimulus photoelectric colorimeters (52).

Robinson et al. (56) report the Maxwell spinning disc
to be less obJjective than the photoelectric instrument, and
1ts use 1s more tedlous and time consuming.

The Hunter Color Difference lMNeter and the Gardner Color
and Color-Difference Meter, which measure color directly by
reflectance, have been used for color measurements in many
research projects (5, 22, 34, 62, 63). Since the Hunter
Color Difference Meter had been uesed esuccessfully to measure -
color differences in tomato julce, strawberries, and other
fruit and vegetable products, Huggart and Wenzel (22) under-
took to determine 1f this 1lnstrument would be satisfactory
for measuring the color of e¢itrus Julces and concentrates,
They concluded that although color differences can be objec~
tively measured with the Hunter Color Difference Meter,
neither this nor any other instrument avallable at that time

was satisfactory for determining the actual visual color of
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a cltrus julce as seen by an observer.

Longree (36) found the Hunter Color Difference Meter
unsatisfactory for evaluation of golors in baked custards.
The subjectlive method of evaluating color was ultimately
used in her study, According to Kefford (28), no one instru-
ment to date has been devieed by which it is possible to
measure all the characteristice of colored bodies discern-

ible to the human eye.

Flavor in Foods

Psyc oglcal Aspects

According to Meyer (48), flavor is the subtle and com-
plex sensation that 1s the source of much of the delight man
finds in food. To both connoisseur and layman, flavor is of
utmost importance in determining preferences., One's appreci-
ation of flavor and one's judgment are influenced by many
psychological factors. Some of the psychologlical factors
that cannot be controlled are the experlence background of
the individual and his personal problems and reactions (13,
48) . |

Pettit (54) states the psychologlcal aspects of flavor
include abtlpudes, experlences, memory, expectations, sug-
gestions, motivations, and other factors of learned behavior,
The setting, the questions, the personality and attitude of
the investigator may all recall past experlences and influ-

ence the consumer's interpretation of his immediate flavor
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experience.

Flavor memories are very keen and enduring and must be
taken into account whenever food flavors are being origina-
ted or changed. If the first meeting an individual has with
a flavor is in medicine, there 1s a possibility that person
will always dislike that flavor. Sometimes "innocent" fla-
vore or textures such as those of oatmeal, cereal, cornstarch
pudding, or'Jelly recall with great dlstaste some eplsode of
sickness (12),

A person's reactions toward flavors are exceedingly
characteristic and natural - a conservative person tends to
be conservative in the flavors he likes, However, a person
may train himself to recognize new flavors and to like them
(12),

Sternberg in 1914 as reported by Crocker (14), states
one naturally eats and swallows pleasant~tasting food rapld-
ly, rather than lets them linger in the mouth. If one holds
food long in the mouth, 1t 1s an 1ndication the taste is not
entirely a pleasant one,

Appropriateness is of great importance in our enjoyment
of flavors in foods. An onion flavor may be delectable in a
stew or soup but objectionable in a custard. We become con-
ditioned to expect certain sensations from certain foods and
while a slight varlatlion is titillating, a completely unex-
pected taste 1s unacceptable (48).

Caul (7) has analyzed the pattern of good flavor as the
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following sensations: "(1) an early impact of appropriate
flavor; (2) rapid development of an impression of highly
blended and usually full-bodied flavor; (3) pleasant mouth
sensatlions; (4) absence of isolated unpleasant notes; and

(5) anticipation of the mext mouthful."

actors Influencing Flavor

Taste depends on a number of factors, the most important
of which is chemlcal composition. Saltiness 1s a property of
electrolytes, the halides in particular, Sweetness is found
in a number of organic compounds, however, alcoholic hydrox-
yls are most effective in endowing a compound with sweetness.,
Bltternccc 1s a property of some organlc and inorganic coaw
poundes; some of the alkalolds such ag quinine and brucine are
exceedingly bitter. Sourness 1s a property of the hydrogen
lon and 1ts concentration 1s of primary lmportance in deter-
mining whether the sensation of sour is detected (48).

Taste 1s also influenced by temperature, texture, and
the presence of other compounds. According to Crocker (12),
temperature has a less noticable influence on the sweet and
bitter taste components than it does on salty and sour com-
ponents.

Texture properly ls part of flavor; an unaccustomed
texture places the senses of taste and smell under a handi-
cap. Texture partially conprols the quantity of sapid matter
that can reach the taste buds at a given time; as a substance

becomes thicker, the flavor becomes weaker, Thils weakening



14

of taste 1s probably mechanical because the viscosity of the
fluld interferes with the diffusion of the soluble substances
to the sensory receptors (12, 13),

Mackey and Valassi (41) measured the taste threshold
for four primary tastes (sweet, salty, sour and bitter) in
water as well as.in tomato Jjulce and in egg-mllk custard,
prepared as liquid, gel, and foam, They found the primary
tastes were hardest to detect in the gel state, easlest to
detect in the liquild state, and Intermediate in the foam.

The presence of other compounds has been shown to 1ine
fluence flavor in different ways, According to Pangborn (53)
the interactlons among taste qualities in foods have been a
sublect of opinion and speculation with relatively little
experlmental support. The early literature on the subject
of taste interrelationships in aqueous solutions of pure
compounds 1s controversial since conflicting results were
obtained from similar experiments.

Resu;ts of studles oh apricot, peach, and pear nectars
carried out by Valdes et al. (59) show that sucrose enhanced
fruit flavor up to an optimum sweetness level, beyond which
it masked flavor. This relationship between sweetness and
frult flavor was found to be greatly influenced by the acidi-

ty of the product.

Addition of Flavors to Food Products

Flavorling extracts are widely used in the food industry

and are well standardized in the United States. The standard
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for a flavoring extract, as established by the Secretary of
Agriculture in 1919 and accepted by the flavor industry, is
as follows: "a solution in ethyl alcohol of proper strength
of the sapld and odorous principles derived from an aromatic
plant, or parts of the plant, with or without its coloring
matter, conforming in name to the plant used in its prepara-~
tion", If artificlal coloring or synthetic flavoring com-
pounds are added, these must be declared on the label (23,
48),

Flavoring agents are chemical substances which are able
to impress themselves on the senses of taste, smell, and
feeling by way of food and drink. Thesevchemicals are of
many types and origins; some occur naturally in foods; some
develop within food while it is belng cooked or otherwlse
processed; and ophers are added substances of natural or
artificlal origin. Nearly all of the flavoring chemlcals
that have been ldentifled in foods have been duplicated syn-
thetically and, in many instances, these synthetlics have
been used in flavors (12, 14).

Imitation food flavors are composed of synthetic organ-
ic aromatic chemicals sometimes used alone or in combination
with natural products. These chemicals can be used as food
flgvora for controlled accentuaplon of a particular note or
notes, where a highly concentrated flavor 1s required and
for economy (25).

From birth, modern generations have been reared and
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accustomed to accept taste trends, and flavors are a daily
and accepted necessity in 1life. The desire for a variety of
palatable and appetizing taste sensations that makes the con-
sumption of food a pleasure, not a necessary dally task, 1is
a basic consumer characteristic of our times (25, 46) .
Literature with regard to food flavors has been very
meager during the last fifty years, according to Merory (46).
During this same perliod of time numerous compounds have been
synthesized which are useful in formulating synthetic or imi-
tation flavors. Such compoﬁnds are known as flavormatics
and there are over 200 such flavormatics available for use
in imitation flavor compositions (25, 46), In 1963 the Fla-
voring Extract Manufacﬁurers' Assoclation issued a new list
of flavoring ingredients suitable for use in the preparation

of imitation flavors (16).

Fruit Flavors
The skin and the peels of frult carry most of the fla-

vor. There 1s a correlatlion between sugar content, color,
acldity, and flavor as frult ripens. The flavor usually de-
velops to its fullest when the sugar content of the fruit 1is
at its maximum and the color of the skin or peel acquires

the richest shade of brilliance (46),

Clgssificat;ons

There are several types of flavoring materials avallable
for use in food products. Legal definitions of these flavor-

ing materials are lacking and the 1ssues of "Imitation" and
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"Natural” flavors are being discussed at the present time by
governmental agencles and the flavor industry (16). The
flavor industry and unofficially the F.D,A. accept the fol-
lowing definitions:
rue Frult Flavoring - extracts ar concentrates
derived directly from a particular aromatic
plant or frult, of which a minimum of 25# of
frult are used to yield 1 gal. of Jjulce (16).
True. Frult with Other Natural Flavors - frult
flavors which are fortified with other natural
flavors. At least 51% of the flavor strength

must be derived from the true fruit named and
not more than 49% from other natural flavors

(23).

Imitation Fruit Flavoring - flavorings synthesized
entirely from chemlcals. There are no standards
set for these flavorings, except that thelr con-
stituents are to conform with the Food Additlves

Amendment of 1958 (16).

Imitation Frult Elavgr1n§ wlith True Fruit - a com-
bination of synthetic ingredients and true fruit
extractives in which not less than 5% of the
total flavor 1s derived from true frulit extrac-

tives (16).

Peach Flavor

The peach was one of the first frults to be studled in
order to determine the chemicals responsible for the flavor
of the fruilt. Power and Chestnut (55) state peach oil or
peach essences consist for the most part of purely empirical
mixtures of esters and essential oils with other more spe-
cific aromatic substances., The general character of these
empirical mixtures indicates some of thelir components may
not actually be found in the pulp of the fruit whose flavor

they are supposed to repreeent. For example, benzaldehyde
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1s frequently regarded as one of the proper constituente of
peach aroma, although this 1s contained in the kernels of
the peach and not in the pulp of the frult,

Toward the end of the 19th century, the flavoring prop-
erties of gamma~-n-heptyl Butylrolactone were discovered and
the chemical was synthesized. Thls became known as Aldehyde
C-14 which is a misnomer, since it 1s neither an aldehyde
nor does it contain 14 carbon atoms (27, 47). The formula

for Aldehyde C-14 1is:  G7H15

%

According to Merwin (47), once the existence of gamms
undecalactone became known, 1t became relatively simple to
prepare a flavor resembling peach, It is difficult for any
flavorist to concelve of a peach flavor today which will be
acceptable to the American public without Aldehyde C-14,
Besldes gamma undecalactone, those ingredients which would
be consldered essential to peach flavor are benzaldehyde,
some of the linalyl esters and several valeric acid esters
(47).

Many foods can be flavored or reinforced with a peach
flavor by using the proper level of gamma undecalactone and
adjusting the color and acldlity of the food product involved.
Great care must be exercised because of the ease of over-

flavoring and obtaining an objectionable flavor (47).
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Custards as a Medlum for Experimental Work with Color and
Flavor
Baixed custard represents a type of cooked product in
which .the thickening property of the.egg protein is used,
since only 0.75% of the heat coagulable protein 1s provided
by the milk (38). Color, flavor, and odor are also detected
easlly in custards as they are made of relatively few esasen-

tial ingredients (44).

Comgggigion

Custard is made from milk, eggs, and sugar and some=-
times salt and vanilla flavor. The same proportions of in-
gredients can be used for both stirred and baked custard
(20). The baked custard 1s firmer than the stirred custard
and appears to be in one pliece or clot. All custards are
highly sensitive to slight modificatlions in the egg-sugar-

milk mixture.

Heat Coagulation of Proteins

The formation, of a gel in cuastards depends on the coag-
ulation of protein which then holds within its structure the
solution from which it was precipitated (51). Although pro-
tein may be coagulated by many means, heat has been one of
the most important methods. Heat coagulatlion of the egg and
milk proteilns in custards may be influenced by acid, alkall,

salts, and organic solvents, as well as qther factors (3, 38,

51).
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Effect of Acld, Alkali, Salts and Organi olvents

Weiser (61) indicates that certaln protein sols (albu-
mins, globulins, and globins) coagulate at some definite
temperature wg}ch is falrly constant for each protein, With
the lowéring of the pH by the addition of aclid, the coagula-
tion temperature i1s raised., Chick and Martin (8) point out
denaturation, the first part of the heat coagulation process,
is not hastened by acid solution, but the clotting or coagu-~
lation process 1s accelerated. The second part of the coag-
ulation process, the clotting or coagulation, does not occur
in alkaline solution. If, after heétins, the alkall is neu-
tralized with acid, the coagulation procees occurs (9).

Although the salt content of milk 1s low, it 1s very
laportant in the behaviof of the proteins in food prepara-
tion (38). 4 good example 1s custard, which falls to thicken
when heated unless sufficlent salts are present, Lowe (38)
reports the concentration of the salt and the valence of the
ion have an effect on the coagulation of custards, Chick and
Martin (8) state an increase in the concentration of salts
ralses the coagulation temperature, Many anlions such as
lodide, bromide, and chloride are denaturing agents (48);
however according to Fruton and Simmonds (19), not all anions
are denaturing agents -~ caprylate and aromatic carboxylate
lons actually protéct egg albumin from heat denaturation.

Denaturation may be caused by organic solvente such as

ethanol, methanol, and acetone. These have been used for
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the precipitation of proteins from aqueous solutions (19).
There 18 a decrease in the protein stability of milk toward
alcohol as a result of homogenization, according to Carr and

Trout (6).

stard Mix d ¢ ed Cus
The pH of the eggs used in custard has an effect on the
pH of the custard mix - fresh eggs are less alkaline than
aged ones: Cooked custards are usually more alkallne than
the custard mix (3, 35, 338). Bittner (3) reports the pH
readings on the custard mix and baked custard made with fresh

eggs and drled whole milk as 7.03 and 7.09 respectively.

agelation ggmperature and _Rate of Cooking

Many factors affect the coagulation of protein and the
gelatlion temperature of cﬁstards. These factors include -the
proportion of ingredients, the pH of the mixture, and the
rate of cooking. A4s a result, no one internal end tempera-
ture can be recommended as the optimum temperature to which
a custard should be baked. Lowe (38) states with ordinary
rates of cookling, and using unhomogenized milk, a serving
consistency for custard is usually obtained between 82° and
84°C. Carr and Trout (6) state the rate of heat penetration
is slower in custards made with homogenized milk than in
those made with unhomogenized milk. The firmness of the cus=-
tards indicates the custards prepared with homogenized milk

could be baked to a higher internal end temperature without
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seriously affecting the stability of the gel. Mlller et al.
(49) observed the optimum gelation temperature of custards
prepared from fresh shell eggs and homogenized milk to be
86° to 88°C. Cook and Husseman (11) state the temperature
required to reach gels of similar consistency 1is l°Q higher
when dried whole milk 1s'usedv1nstead of fresh whole milk.,
Lowe (38) reports the rate of coagulation increases as
the oven temperature 1s ralsed; 1in addition, a firmer custard
1s obtained as the temperature 1s increased until at a spe=~
cific internal temperature, dependent on the rate of cooking,
optimum gelation occurs. Further heating to a higher inter~
nal temperature causes porosity and finaily syneresis.
txperimentation shows the rate at which custard is
cooked affects the gelatlondtemperature - with a slow rate
of cooking, gelation of custard occurs at a lower tempera-
ture, while gelation takes place at a higher temperature
with a fast rate of cooking. A slower rate of cooking 1is
considered most desirable because optimum gelation is more

easily perceptible (38).

Method gf Baking

Two factors to consider in baking custards are the oven
temperature and the temperature of the water bath, Griswold
(20) states even when baked at relatively low oven tempera-
tures, custards are improved by being placed in a pan of hot

water for protection from oven heat. Bittner (3) and Carr
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and Trout (6) used an oven temperature of 325°F in their
research work with custards. McBride (45) and Mastic (44)
regulated the oven at 350°F. Jordan et al. (26) report an
oven temperature of 350°F 1s preferred to 325°F or 400°F
because the baking period 1s unduly long at 325°F and so
short at 400°F that the custard can easily be overcooked,
In addition, custarde baked at 4Q0°F are reported less de-
sirable in appearance than those baked at the other two tem~
peratures, To insure the relatively long heating which 1s
necessary to make the food product bacteriologlcally safe,
it 1s recommended that an oven temperature of 350°F or
below be used for baking custards (37).

For many years the recommended inltlal temperature for
the water bath for baked custards has been bolling or hot
water, Va;ious initial temperatures have been reported for
the water baths used in research work on custards in the
past few years: Bilttner (3) used 35°C, Carr and Trout (6)
used 30°C, and Mastlc (44) used 259-27°C, Nagler (50) re-
ports the texture of the custards was more dellcate and ten~
der if the initial water for the baking pan was 35° to 40°C
rather than 97° to 100°C, The results of a speclal problem
undertaken by the writer at Michigan State University in
1963 on the hot water bath versus the cold water bath for
baked custards indicated that custards started in a 20°C
water bath were superior to those started in a 40°C water

bath for the following characteristicss inside appearance,
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crust tenderness, texture, flavor, consistency, syneresis,

and general acceptability.

Use of Dried Whole Milk in Baked Custards

Bittner (3) reports the results of using dried whole
milk (DWM) in place of other milks in baked custards, all of
which were baked to 86°C, Baked custards prepared with DWM
vere similar 1n appearance to custards made with homosenized
milk or with pasteurized milk, however the crusts of the DWM
custards were slightly more wrinkled and less tender than
those made from homogenized milk, -The inside color for the
DWM custards scofed slightly higher than when homogenlized or
pasteurized mllk was used. The DWM custards had a highly
significantly different flavor than pasteurized milk cus-
tards - a decided cooked flavor was indicated and the DWM
custards were significantly sweeter than those made with
pasteurized milk, The DWM custards were firmer than cus-
tards made from homogenized milk but less firm than those

made from pasteurlzed milk,
Evaluation of Foods

Food products can be evaluated by either of two methods:
the subjective method in which a particular characteristic
of a product 1s scored or otherwise rated by an individual
with a score being decided updn by Judgment, or the objec-
tive method where the outcome is largely 1lndependent of

human judgment (43).



25

Although the limitations of a taste panel for Jjudging
the palatability or eating quality of food are realized by
investigators, there are still organoleptic factors which
cannot be expressed by objective measurements. Factors such
as appearance, color, and flavor are better Jjudged by a
scoring panel. Results of objective tests may often be cor-
related with results obtained by subjective means (3, 44).

Lowe and Stewart (39) state 1t 1s desirable to employ
both subjective and objective tests in connection with re=
search on the functlional and organcleptic properties -of food
products. During the development of an objective test it 1s
particularly appropriate t¢ run parallel organoleptic tests

in order to test the degree of correlation between them.

Subjective Methods

Subjective tests measure the'qualities of food as they
make their impression individually and collectively on the
sensory organs, They are subjective because the individual
i1s required to go through a mental process in giving his
opinion as to the qualitative and quantitative value of the
characteristic or characterlistics under study.

g of sts_and Jjudgments

According to Lowe and Stewart (39), subjective tests
may be convenliently classified into 2 categories: a) prefer-
ence or acceptance tests and b) psychometric or difference

tests. In preference testing the degree of acceptance is
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obtalned and, when conducted wlth a large enough number of
people within a population, permits the determination of
consumer acceptance of a product.

The psychometric tests are for determining quantitative
differences, such as rating or scoring food quality factors,
They can be used to evaluate quality differences among breeds,
varlietlies, or formulas, This makes these tests valuable re-
search and development tools (39),

Mason and Koch (43) state that two reasons for choosing
a scoring system in preference to a ranking system where the
treatments are ranked according to a preference for a glven
product are:

1. a scoring system permits ties, whereas a
ranking system forces Judgment even though
the taster can detect no definite difference,

2. a scorlng system permits the spread of treat-

-~ ments to be 1nfluenced by the magnitude of the
differences found. If there are very distinct
differences between two samples, one may be
scored 1 and one scored 10, but in ranking
they must be 1 and 2,

Often a numerical scale Js used so that the scores of
the individual taste panel members can be added readily to
glve a composite score (48),

siderations for tas els

Owing to practical coneideﬁations, most panele are com~-
posed of from four to twelve members and if only three or four
acceptable judges are avallable, results comparable to those

of a larger panel can be obtalned 1f each sample 1s scored

two or three times during the investigation (20, 30, 39).
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According to Dawson et al, (15) a panel of three to ten
1s usually adequate for testing flavor differences but panel
size depends on the variabllity associlated with the experi-
ment and on the magnitude of the difference between samples
to be detected.

Experimental work by Langwill (33) indicates that women
between the ageé of seventeen and thirty years of aze have a
greater sensitivity of taste in distingulshing hetween sweet,
galty, sour, and bitter foods than 40 men in the same age
bracket. Laird and Breen (32) report from their study that,
in comparison with men, women at all ages have more prefer-
ences for tart tastes, and less for sweet tastes,

The age of the Jjudge 1s also a factor. Young people
can distingulish differences between different strengths of
sweet, sour, and salty food when middle~aged people cannot
(1). Sensory ability decreases with age and preferences
change also. Because of this it ie felt that taste panel
members should be between the ages of twenty and fifty (31),

Objeggive Methods

Types of objective evaluations are many and varied, in-
cluding chemical, histological, and physical tests, Griswold
(20) states objective methods are reproducible and less sube
Ject to error than sensory methods,

There are many examples in the literature of objective
tests for measuring such varied acceptance characteristice

of foods as texture, color, tenderness, consistency, and
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Julciness (39). There is no objective method for measuring
flavor per se, However, some flavor components may be meas-
ured by chemical means, i,e., sugar, salt, and acid,
According to Lowe and Stewart (39) objective tests pos~-
sess obvious advantages with respect to reproducibllity and
in the ease of appllicablility to the needs of the research
laboratory. However, the ultimate test of whether an objec-
tive test is measuring a quality 1s its agreement with re-

sults of subjective testing (20),



EXPERIMENTAL PROCEDURE
Prellminary Investigations

Preliminary experimental work with the addition of food
colore to baked custards indicated the poesibility of devel-
oping in baked custard several pastel colors typical of dif-
ferent varlietles of fruit, Strawberry, raspberry and peach
colors were shown to be feasible, and of these, peach showed
the most promise.

The kinds and amounts of food colors required to pro-
duce a peach color 1n baked custards were determined in this
prelimlnary study, Various combinations of FD&C Red No, 4
and Yellow No, 5 were found tQ yield the most satisfactory
range of tiﬁts and shades of peaéh color in baked custards.
An arbitrary decislon was made as to the color range selec~
ted for study. Two randomly selected preference panele of
twenty persons each indicated which of these colors would be
most acceptable in haked custards.

After the colors were established, various types and
amounts of peach flavors individually and in combination
were tried in the baked custards, On the basis of the trial
tests, an arbltrary decision was made as to the flavor char-
acter and strengths that would be included in the study. A
randomly selected preference panel of twenty-two persons
evaluated custards containing three different combinatlons
of peach flavors and indicated that all three combinations

29
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were acceptable.
Design of Experiment

Baked custards prepared from a standard formula with
the addltion of all possible combinations of three different
peach colors and three levels of the same combination of
three peach flavors were compared subjectively and objecw
tively, A control custard having neither added color nor

added flavor was used as a reference for the objective tests.

Color-Flavor Combinations

The nine treatment variables (A4 through 1) represent all
posgible combinations of three different peach colors and

three levels of the same peach flavor.

C vor v
Variable L;ght Mediu 23;5 Lgﬁ Meafgg égsg
X

A X

B X X

C X X
D X

E X

F X
G X X

H X

I X X

Quantities of the colore and flavors for the nine treat-

ment variables are presented in Tables 20 and 21, pages 88
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and 89 in the Appendix,

Six replications of each of the nine color-flavor cém-
binations were prepared and evaluated. The baked custards
were cooled to room temperature by a standard procedure be-
fore evaluation. Objective tests were conducted the firat
three weeks of the experiment and the subjective tests were
conducted the following slx weeks., Certain of the objective
teste were performed daily on custards made from the same
mix used for panel evaluation., This procedure was followed
as a check agalnst the objegtive tests previously conducted.

Four treatment variables' were prepared each day for the
objective tests and baked 1n two batches, Sixteen custards,
elght each of two treatment variables.?were baked at one
time, Of these eight custards, seven were used for objeg=
tive tests and one to obtaln a time-temperature record during
baking.

For the subjective tests, three treatment variables
were prepared each day in two bakes., Sixteen custards were
baked at a time, In the first bake four custards of each of
the three treatment variables were used for the taste panel,
one custard of each of the three treatment variables was re-
served for color determination, and one custard usad to ob~-
tain a time-temperature record during baking, .

The experiment had to be modified with respect to the

objective determinatlon of color. Due to mechaniocal

T 1In this manuscript, treatment variable refers to a single
color-flavor combination.
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difficulties 1t was impossible to collect reliable data,
therefore no further comment will be made on thie point.

A predetermined randomized arrangement was used for the
preparation of the treatment variables throughout the experi-
ment and for the aorder of presentation of the samples to the
Judges eadh day. The weakest flavored custard in & group
was.alwaya presented first to the taste panel.,

Room temperature and humidity in the experimental foods
laboratdry were recorded on each day that custards were

baked and evaluated',
Baslc Custard Formula

The formula selected for study, based on that of Lowe
(38) consisted of 3815 grams of reconstituted whole milk,
748 grams whole egg and 391 grame sucrose. Percentages of
ingredients, based on total welght of the mixture, were:
whole milk, 77.0; whole egg, 15.1; and aucrose, 7.9, The
percent ratio of dried whole milk to water was 12,6 to 87.4.

Ingredient Procurement

Ba la ents

A common lot of dried whole milk was prepared to speci-
fication by the Michigan State University Dairy Plant, The
reconstituted milk contained 3.2% hutterfat. The dried
whole milk was packaged in esmall eealed polyethylene bags,

L ﬁysroA?hermograpﬁ, Model 594, Friez Instrument Division,
Bendlx Avliation Corporation, Baltimore, Maryland.
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each containing 504 grams, and refrigerated at 38-40°F until
needed, The dried whole milk was removed from the refriger-
ator and brought to room temperature before reconstitution,

Fresh eggs were obtalned from a designated flock of
White Leghorn hens at the Michigan»&téte University Poultry
Farm, The eggs used were fresh dally, Egg yolk color de-
terminatlons were made at the beginning and in the middle of
the experiment., The Carglll-Nutrena Yolk Color Meter read-
ings were 5-6, The Heiman-Garver Yolk Color Roter determina-
tions were 11-12 on all samples tested (21).

A common lot of sucrose, obtained from the Michigan
State University Food Stores, was packaged in cloaed‘poly-
ethylene bags, 391 grams per package, and stored in a covered

metal contalner at room temperature,

olors .
The FD&C certified food colors were obtained from Food
Materials Corperation in dry, powdered form and stored at

room temperature in thelr original glass contalners,

Flavors

In the preliminary work no single peach flavoring matepr-
ial imparted a satisfactory peach flavor to the baked cus-
tard, It was necessary to use combinatlons of peach flavor-
ing materlials. A combination of three different peach fla=-
voring materiale was selected. A description of the flavors

and the quantity used are found in Tables 20, 21, and 22,
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pages 88, 89, and 90 in the Appendix, The flavoring materi-
als were used full strength as received from the manuface

turer.
Preparation of Color Solutlions

For addition to the custard mix, three color solutions
(light, medium, dark) were prepared by dissolving varying
proportions of FD&C Red No. 4 and FD&C Yellow No. 5 in dise
tilled water. The welghts of the two colore used in each of
the color solutions are found in Table 23 in the Appendix.

Preparation of Custard Mix

Each day 4500 c.c, of the basic custard mix was pre-
pared. The detalled procedure for the preparation of the
custard mix is given in Exhibilt 1, pése 92 in the Appendix,
Fresh,‘shell eggs were broken out, blended, and weighed.

One package of pre-~welghed sucrose was added to the eggs

and the mixture blended, The reconstituted milk was added
to the egg-sugar mixture and the entire mixture was blended,
The custard mix was strained through a medium~fine, wiree
mesh household strainer to remove unmixed material prior to
the addition of color and flavor,

The bagic custard mlx was divided into smaller portions
for addition of color-flavor variables., For the objegtive
tests the basic mix (4500 c¢,c.,) was divided into four por-

tions of 1100 c.c. each, For the subjective tests 1t was
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divided into three portions of 1500 c,c., each,

All mixings to incorporate colors and flavors were done
on Hobart K-5A mixers equlpped with 5-quart stainless steel
bowls and a paddle attachment. Portions of each final mix~
ture reserved for the second bake were left at room tempera-
ture in the mixing bowls and covered with polyethylene

coated freezer paper secured with a rubber band.
Baking Procedure

The custards were baked in S5-ounce pyrex custard cups.
Zach cup was fllled with custard mix to a measured depth of
1 3/4 inches (approximately 130 ¢,c, custard mix), The cups
were placed 1n s speclally designed galvanized water bath
pan equlpped with a bronze stopcock for dralnage and a per=-
forated stalnless steel sixteen~hole rack to support the
cups (Figure 1). The cups were placed in a predetermined
randomjzed order for the subjlective and aobjective tests,

Water at 18~-20°C was added to the pan until it came up
to tﬁe level of the custard mix. The baking pan wase placed
on an oven rack 3 7/8 inches from the hottom of an apartment
s8ize General Electric Oven preheated to 350°F. Three lead
wiree from a Brown Electronik Potentiometer High Speed Multi-
ple Point Recorder were clamped invplaoe. One thermocouple
was centered in a custard located in s ceﬁtral position of
the baking pan, a second waes positioned 1in the waﬁer bath

Just to the right of the custard containing the first
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thermocouple. The third thermocouple recorded the tempera~
ture at the center of the oven, All custards were baked to
an internal temperature of 86°C, The oven was turned off
and the water partially dralned out of the water bath pan
through the stopcock. The rack contalning all the custard
cups was then removed from the water bath pan. The oven was
again preheated to 350%F and the second bake was carried out
following the same procedure as the firet bake., The cus=-
tards were placed on wire racks and allowed to cool at roaom
temperature for approximately three hours before objective

or sublective tests were conducted.
~Subjective Tests

The samples for the subjective tests were selected so
that, in the course of slx replicatlons of each variable,
each jJudge had an equal number of samples from inside bake
and outside bake positions (see dimgram below) as well as
front and rear §ven bake positions.

@
.'C)' C)‘O @ outeice vake

O O O ‘ O Insjde bake
0000

The panel was composed of 7 Jjudges (4 women, 3 men)
from several related departmentes of the university. A one-

hour tralining session was held for all taste panel members
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at whlch they were given lnstructions as to how the samples
would be presented, how to score the factors and the char-
acteristlcs of a good baked custard. 4 sample of the in-
struction sheet 1s shown on pages 94 and 95 in the Appendix.
To acquaint the taste panel members with peach flavor, sever-
al brande of peach ice cream were tasted,

The taste panel evaluated the room temperature custards
for nine characteristics: crust color, crust tenderness,
crust flavor, inside color, aroma, inside flavor, consiaten-
cy, texture, and syneresis, Three different custard varia-
tions were scored each day. The custards were presented
one at a time and the panel was requested to evaluate each
sample individually without comparison with the other sam-
ples.

A T-polint rating scale was used in the evaluatlion with
T as the highest score. The panel was lnstructed to sqore
each custard on all nine characteristics and to check the
most appropriate descriptive terme for those factors they
scored 4 or below, A sample of the score sheet 1s shown on

page 96 1in the Appendix,
Objective Tests

On the day of preparation, obJjectlive teste wergvuade on
the room temperature custards to determine the 5ul‘SLren5th,
measured both as the ablillty to resist penetratioh and” ac

the :ability to hold a rigid shape; syneresis; and pH.
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Continuous recordings of room temperature and relative hu-

nidity were made during each test period,

Renetration

Gel strength was determined by a Micrometer AdJustment
Penet.romet.er1 equipped with a 35~gram grease cone attache

2, FEach sample was placed on a level platform directly

ment
beneath the cone attachment, with the point of the cone Just
touching the surfaoé of the custard. The cone was released
for a perlod of 5 seconds and the depth of penetration.ge-
corded to the nearest 0.1 millimeter. Measurements Qeréi

- made both with the crust on (crust loosened from the edges
of the oup) and the crust off (crust entirely removed), Two
different samples were used for each of these measurementas
one from an inside bake position and one from an outslde
bake position. Readings vere recorded and averaged, Figure
2 shows the measurement of penetratlion after the release of

the cone}.

Per Cent Sag

In ogﬁér’to compare the firmness of the different cus-
tards, medgﬁremenbs of the height of the lnverted sample he~
fore and after a specified time interval were made, The pro-
cedure used for this objective teet was that described by
Zabik (64), The apparatus shown in Figure 3 was uged.to

T Arthur H. Tnomas Co.
Precision Scientific Co. ~ Cat. No, 73525
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minimize damage to the gel structure of the sample during
testing and to faclillitate the collectlon of such data, The
per cent sag for each sample was calculated from the differ-
ence between readings divided by the initial helght of the

inverted custard.

§!ngggs;g

The method of Miller et al. (49) was used tq determine
the welght of the drainage from the custards, The equlipment
for this test is shown in Figure 4,

The baked custard with the crust intact was loosened
carefully and inverted on fiﬁe wire screening (15 wires per
inch) which had been placed pver a weighed Petri dish. The
assembly was immedliately covered with a glass bowl to pre=
vent evaparation and allowed to stand one hour. A4t the end
of this pericd, the wire screen wilth the custard was removed
and the weight of the drainése recorded to the nearest 0.l
gram, Per cent dralnage was calculated from the ratio of
the welght of the drainage to the weight of the aaﬁpla be=

fore inversion,

|

The pH of 50 ml of the fluld custard mix was recorded,
The pH of the baked custard was determined after thoroughly
blendins one custard (approximately 130 c¢.c,) in a Waring

Blender for one minute. All samples for the pH determina-

tions were at room temperature (22°«-25°C) and the
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measurements were made on a Beckman Zeromatic pH meter with

a glass electrode and a saturated calomel electrode.
Statistical Methods

The data obtalned from the subjective and objective
te;ts vere evaluated by the uee of two computer programs on
the CDC 3600 computer at the Michigan State Unlversity Com=
puter Center, The FACREF Routine - Option 1 (one=way face
torial with replications) was used to calculate analyses of
varlance and the CORE Routine was ﬁsed to caloculate simple
correlations., Significant diffepences among variables were
evaluated through use of the Studentized range tables (17).
An {llustration of the Studentlzed range calculations for
one of the quality factors ls shown 1in the Appendix, pages
97, and 98,

Correlation coefficlents were calculated on the follow-
irg pairs of items: penetrometer readings (crust off) versus
per cent sag, penetrometer readings (crust off) versus con-
slstency, per cent sag versus consistency, per cent dralnage
versus synereslis score, texture versus syneresis, ocrust
color versus crust flavor, inslde color versue inside flavor,
crust color versus inside color, crust flavor versus inside
flavor, inslde flavor versus aroma, and consistency versus

texture.



RESULTS AND DISCUSSION

The baked custards prepared from the nine possible come
binatlions of three different peach colors and three levels
of peach flavor were evaluated by 9ubjeot1ve and objJective
teats. The 1dentifying code for the combinations of colors
and flavor levels used as treatment varlables is as follows:

Vag;ag;g gglg; - E;gvgg gomg;gatggg

Light color, low flavor level
Light color, medium flavor level
Light color, high flavor level

Medium célor, low flavor level
Medium color, medium flavor level
Medium color, high flavor level

" Dark golor, low flavor level
Dark color, medium flaver level
Dark color, high flavor}level

CONTROL No added color, no added flavor

HIQ =wEHUDO Quwd

The scores obtalned from the objective and subjective
tests were anaslyzed by a one«way analysis of variance and
by the Studentized multiple range teat?(IT) when significant
differences were found in the analysis of varilance,

The mean taste panel scores and objective test readings
for each replication of the baked custard variables and the
standard deviations of the means are given in the tables
accompanying the discussion of the results for each of the .

quality factors.

44
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Subjective Tests

Crust Color

The mean scores and standard deviatlons for crust color
are listed in Table 1. Analyels of variance of these data
(Table 2) revealed significant differences in crust golor
attributable to the treatments, Comparison of treatment
means jindicated custard F scored signlficantly higher than
cuetards 4, I, H, B, and C at the 1 per ceunt level of prob-
ability and, in addition, slgnificantly highér than custard
G at the 5 per cent level of probabllity. Custarde F, D,
and E were not significantly different at the 5 per cent
level of probablility, indicating for'cpust color the medium
peach color was equally acceptable résardlees of the flavor
level used, Custards A, D, and G (low flavor level) were
not significantly different at the 1 per cent ievel of prob~-
ability, indicating for crust color the low level of flavor
was acceptable, regardless of the peach color used. However,
the effect of flavor on color does not appear to be con-
elstent,

The Judgee indicated the crusts of the light colored
cuetafde (4, B; and C) were too yellow, too pale, too light,
and unappetlizing, This objectionably lish{vcruat color ac-
counted for the low scores assigned cqgtards B and C but
does not explain the higher score given to custard A, The

higher score for custard A (light color, low flavor level)

may have been due to firet sample.blas slnce thls sample was



Table 1, Mean Scores and Standard

Color,

46

Devlations for Crust

gble " T 3 %Ms NS NN 0 g;;nz: S.D.
Al 5,142 4.83 5,00 5,29 4,43 4.83  4,92%0.30
B 3,57 3.43 3,57 4,00 4.00 3,57  3,69%0.25
c 3,70 3.43 3,50 3.86 3.86 3,71  3,68£0.18
D 5,00 5,14 5.00 5.57 5,29 5.T1  5,29%0,30
E 4,71 5.83 5.50 5,29 4,86 5,14  5,22¢0,41
F 5,57 5,70 6,00 5.71 5.29 5,33  5,60%0,27
G 4,86 4.86 4,57 5,29 5.86 5,14  5,10%0.45
H 4,29 4,43 4,83 4,57 4.86 4.67  4,61%0.22
I 4,71 5,00 5.00 5.14 4,43 4.57  4,81%0.28

—

R

"

! Refer to code on page 44 for variable identification,

2 Mean score of 7 Judges' evaluations of 1 replication of
each varilable. ,
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Table 2, A4nalysis of Varliance for Crust Color.

Source of T Degrees of Mean T F
Yariance Fregdom — 1R 38540
Treatment means 8 _ 2.7569 29 hlww
Error 45 0.0937

Total 53

g

#% Significant at 1 per cent level of probabllity,

— y N g o ]

Duncan's Studentized Multiple Range Test!

.y

1% Levels

c B H S Y E D F
3.68_3.69 4.61 4.8l 4.92 5,10 5.22 5,29 5,60

5% Level:

L :} i ) S G

2 F

{1 i=

- .

' Means underscored by the same line are not significantly

different (17),
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always evaluated first whenever it was served.

The dark colored custards (G, H, and I) scored lower
than the medium colored custards, although treatment H was
the only one of the three that scored significantly lower
than any of the medium colored custards (D, E, and F), The
Judges Indicated the crusts of the dark colored custards
were too red, too dark, and more orange colored than peach.

It was observed that the crust color was conslsestently
darker than the inslde color for all the variables and the
baking procedure did not produce browning of the crust for
any of the samples regardless of the peach color used.
Figure 5, page 49, 1llustrates crust colors for the thfee
different peach colors used 1in the study.

rugt 888 -
The mean scores and standard deviations for orust ten-
derness are llsted in Table 3. .Analysia of varlance of
these data revealed no significant difference in the crust

tendermese of the nine treatment variables.

Table 4 1lists the mean egores and the standard devia~-
tlions for crust flavor, The individual gustards were sig-
nificantly different for crust flavor on1x~a§ the 5 per cent
level of probability as shown by the analysis of varlance,
Table 5. Comparison of the variables by the Studentized

multiple range method indicated custards F, G, and D scored
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?iguf;rs:ﬁdiﬁreo different peach colora‘
in baked custards (crust on)'.

ey — - e e

Eisuréié. Three different peach colors
in inverted baked custards’,

1 "iéft'to right - light color, medium color, dark color.
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Table 2. Mean Score: and Standard Deviations for Crust
Tendernecs.
vgr;' B AR 2 Reg%lgﬁléﬁff”'*“E;w 0 ﬁﬁiﬁd S.D,
A' 4.14% 4,33 5.17 6,00 5.43 4,67  4,96%0.71
B 5.57 4,57 5.29 5,43 5.29 5.43 5.,26%0,36
c 5.00 5,00 5,67 5,43 5.57 6,00 5,450 .39
D ‘5,71 5,71 4,50 5.71 5,86 6.14 5.,61%0,57
E 4,00 - 5,6T 5.5 6,00 6,14 5,86 5.53%0,78
F 75,00 5.29 5,57 5,57 5,29 5.50 5,37%0,22
¢ 4,86 5.14 5,29 5.29 5,71 5.86 5.36%0.37
H 5,14 4,86 5.67 5.14 - 5,43 5.50 5,29%0.30
1 b,43 5,335 5.33 5,71 5.14 5.57  5.25$0.45

v

AP

! Refer to code on page 44 for variable identification.

2 Mean score of 7 judges' evaluation of 1 replication of
each varlable,
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Table 4. Mean Scores and Standard Deviations for Crust
Flavor,

—— " oy

Vari- 3e§;;cgg;§gs Grand
aple T2 & Mean S.D,

Al 4,292 4,67 5.1T 5.71 5.43 4,67  4.99%0.54
B 4,43 5,00 4,43 4.57 5,00 4,86  4,72t0.27
C 4.57 4,86 5,33 5,14 4,57 4.86 4,89%0,30
D 4,57 5.14 5,33 5,7% 5.57 5.43  5,29%0,40
E 5.00 5.17 5.00 5.29 5,57 5.43 5.24%0.23
F 5,14 5.43 5,43 5,57 5,43 5,50  5,42%0.15
e 4.43  4.71  5.43 5,57 6.14 5,71  5,33%0.64
H 5.14 5,00 5,00 5.00 5,00 5.83 5,1640.33
I

5.14 4,50 5.50 5,14 4.86 4,4  4,88%0.49

ey " REAneans u » aas

! Refer to code on page 44 for varjable identificatien.

2 Mean score of 7 Judges' evaluation of 1 replication of
each variable,
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Table 5, Analysie of Variance for Crust Flavor

Source of ~ . Degrees of Mean F
Vg;;ange Freedom ‘ Sguare Ratio
Treatment means 8  0.3514 2,17+
Error 45 1 0.1619

Total 53 |

—p » o oeo

* Slgnificant at 5 per cent level of probabllity.

——p

Duncan's Studentized Multiple Range Test!

- > Y -y 0 M)

5% Level;

B I . ¢ A H E D G F
4,72 4,88 4,89 4,99 5,16 5,24 5,29 5,33 5.42

——

\ug - - v - > g "

! Means underscored by the same line are not significantly

different (17),
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slgnificantly higher than custard B at the 5 per cent level
of probability.

Panel members' comments indicated the crust flavor for
custard B (light color, medium flaver level) was too weak,
artificial, bitter, and slightly off-flavor, These results
indicate the possibility of a "halo effect" of crust color
impression on crust flavor judgments since custarde D and G
vere low flavor level, medium and dark ocolor reespectively,
and escored higher than custard B which was medium flavor
level but light color. It was also notedvthé flavor vas
more concentrated in the crust than in the inside portion

of the custard.

nside C r
Thé mean scores and the standard deviatlons for ineilde

color are listed in Table 6. Analysis of varliance of these
data (Table 7) revealed significant differences for inside
coior at the 1 per cént level of probability. Comparison of
treatment means indicated custard G scored significantly
higher than custards A, B, and C (light color) a£ the 1 per
cent level of probabllity and, iIn addition, significantly
higher than custard E at the 5 per cent level of probability.

| Custards D, E, f, G, H, and I were not signiflcantly
different at the 1 per cent level of probability, indicating
for inside color, the medium and the dark peach colors were
equally acceptable regardless of the flavor level used. Cus-

tarde A, B, and C contained the llght peach color and scored
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Tahle 6, Mean Scores and Standard Deviations for Inside

Color.

;Ei;q_"f::[; ——s Re a.iwép “1§_H, - %rand .
Al 4,202 4.83 4,83 4,71 4,00 4,83  4.58%0.35
B. 4,29 3,86 3,86 4,00 3.57 4.00 3.9320,24
c 4,29 3.86 4,17 3.57 3,57 3,86  3,89%0,30
D 4.86 5.4 5.7 5.57 5.29 5.29  5.22%0,23
g 471 5.33 5,17 5,00 4,71 5.29  5.04%0.28
F 5,00 5.00 5,57 5,43 5.14 5.50  5,27%0,26
G 5,71 5.29 5.14 5.43 5,86 5.29  5,45%0,28
H 4,86 4.86 5,00 5,29 5,29 5,33  5.11%0,22
I 5.14 5,17 4.8% 5,29 5.14 5,14  5,1240.15

— A

e~

—

! Refer to code on page 44 for variable identification,

2 Mean scare of 7 Judges' evaluations of 1 replication of
each varlable.
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Table 7, Analysis of Variance for Inside Color,

Source of . Degrees of ) Mean T F
Variance . Freedom . square ——atlo
Treatment means 8 2.0232 29.53%%
Error 45 0.0685

Total 53

-

e Significant at 1 per cent level of probability.

> . St

Duncan's Studentized Multiple Range Test!

\g Y B en ' -

1% Levels

G B A B H I D F G
5% Level:

c B A k i iR 0 S

a - -

- e " p— -

! Means underscored by the same line are not significantly

different (17).
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sisn;flcantly lower for inside color than all the other cus-
tarde. The judges indicated the inslde colors of the cus=
tards with the light color (A, B, and C) were too pale, too
light, and too yellow for a peach color in baked custards.

It was observed the ineide color was consistently light~-
er than the crust color for all variables, Custards B and C
were scored signiflicantly lower than all other custards for
both crust color and inside color at the 1 per cent level of
probability. Figure 6, page 49, illustrates inside colors
for the three different peach colors used in the study.

Aroua

Table 8 shows the mean scores and the siandard devia-~
tiong for aroma., The analysis of var}anoe'ahowed no sig~
nificant difference for aroma amoné the nine treatment vari-
ables at the 5 per cent level of probabllity. |

Aroma in custards 1es a faactor often difficult to evalu~
ate. In this study the aroma seemed to be more difficult to
evaluate 1f the crust had been removed from the custard for
several minutes. The descriptive terms indicated frequently
on the Judges' score sheets for all of the treatment vari-
ables were: no peach aroma, too weak, and "eggy"., It ap-
pears the additlon of the three levels of peach flavor used
in this experiment did not contribute to the peach aroma of

any of the baked custards.
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Table 8. Mean Scores and Standard Deviations for Aroma.

Varie

R 8 ' Grand
shle. TTT—rRUBRMGE— e fcn 5
Al 4,142 4,00 4,00 4,00 4,43 3.67 4,04%0,25
B 414 4,57 3.70 4,86 4.29 4.29  4.31%0.39
c b.43 0 3071 4033 4,29 44 4,29 4.20%0,26
D 3,70 3.86  4.33 4,29  4.14 4,29  4,10%0,26
E 4,14 4.8  4.50  4.29 3,86  4.43  4,34%0.33
F 4,14 4,57 404 4,29 4,29  4.33  4,29%0,16
G 4,29 3,430 404 414 4,86 4,29 4,19%0,46
H  3.57 4.00 4,17 4.71 4,29 5.17  4.32%0,56
I 3.86 4,50  4.67 457 429 471 4,43%0,32

T

"y

Ty

! Refer to code on page 44 for variable identification.

2 Mean score of 7 judges' evaluations of 1 replication of
each varilable,
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Inside E;gvor

The mean scores and standard deviations for 1lnside fla-
vor are glven in Table 9, No significant difference at the
5 per cent level of brobability was indlcated by analysis of
variance of the inside flavor scores. The high standard de-
viation for custard A may have been caused by the low score
for the first replication, the first custard the taste panel
evaluated in this experiment.

Custard I recelved phe highest mean score for inside
flavor, however it was not significantly higher than the
other custards. Custard C (light color, hisﬂ flavor level)
recelved the lowest mean score for inside flavor, indicating
the Judgments for inside flavor were influenced by impres-
elons of the color, On the average, the group of custards
with the dark golor (G, H, and I) recelved the highest score
for inside flavor. Treated as a group, it seems that the
dark color may have exerted some ”halo effect” on the inside
flavor.

When comparing the inside flavor scores with the crust
flavor scores (which were significantly different at the 5
per cent level of probability), it should be pointed out
gome of the panel members indicated the flavor appeared to
be concentrated in the crust of the ouetards;

The taste panel members indicated the inside flavor of
all the custards was too weak, "eggy", and artificlal. All

of the custards contained the same amount of sugar but



Table 9. iiean Scores and Standard

Deviétions for Inslde

Flavor,
;gi;j -—va = Repl ﬂog - - gragd
Al 3,142 4,17 4,33 4,29  4.57 4,33 4,14%0,51
B 4,29 4,14 4,29 4,00 4,43 4,14 4,22%0.15
¢ 4,14 4,14 4,00 4,29 3,86 4.14  4,10%0.15
D 3,86 3.86 4.33 4,29 4.7l 4,86  4,32t0.42
E 3.71  4.50 5.00 4.57 4.71 4,57  4,51%0.43
F 3,86 4.86 4,43 4,86 4,57 4.6T  4.54%0.37
G 4,29 3,86 4.7T1 4,86 4,71 4.7l 4,52%0.38
H 4,70 4,29  4.71 4,57 4,14 5.1T  4.51%0.39
I 4,57 4,33 5,00 4,71 5.14 4.43 4,70%0.32

— P

e

-

—

1 Refer to code on page 44 for variable identification,

2 MNean score of 7 judges' evaluation of 1 replication of
each varlable.
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Judgments on the sweetness of the interior custard varied
conslderably among judges. For all nine varlable treatmente
one panel member indicated the inside flavor was too sweet
while another member indicated 1t was not sweet enough, The
panel member who indicated the custards were too sweet had a
low threshold for sucrose (0.015M) and the panel member who
indicated the custards were not eweet enough had a high
threshold for sucrose (0.035M) as determined by taste thresh-
.old studies conducted at the beginning of this éxperiment.

Gopslstency

Table 10 shows the mean scores and standard deviations
for consistency. A4nalysls of varlance of the scores for
consistency indicated there was no significant difference
at the 5 per cent level of probability. Therefore, con=-

slstency showed no effect due to treatment.

Texture

The mean scores and standard deviations for texture are
listed in Table 11. There was no significant difference at
the 5 per cent level of probability as indlcated by analysis
of varlance.

The high standard deviatlions for custards C, D, and G
may have been caused by the low scores in replications 2, 3,
and 4 where the panel members indicated the interior texture
wag not smooth and the custards contalned several holes.

These custards were baked to the same end temperature as all
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Table 10, :giﬁ Scores and Standard Deviations for Conslst-
Zgi;:' -T:;f réff’ Regl;capgops* : z ﬁ:;gé 5.0,
Al 5,712 5,83 5.33 5.57 5.43 5,33  5,53%0.21
B 5.29 4,86 5.57 5.14 5.57 5.71 5.36%0.32
¢ 5.86 5.57 4.33 5,29 5.71 5.43 5,3T%0.,55
D 5.00 5.29 4.33 5.29 4.86 5,86 5.19%0,39
& 5.00 5.50 5.67 5.14 5.43 5.57 5.39%Q.26
F 5.57 5.36 6.00 5,29 5.29 5.50 5.59%0,29
3 5.43 5.14 5.57 5.43 5.43 5.43 5.41%0,14
H 4,71 5.29 5.00 5,14 5,29 5,33 5.13%0.24
I 5.14 5.67 5.83 5.71 5.86 5.86  5.69£0.28

1
2

hodlas deieaes it @ a0

o

-

e

-

Refer to code on page 44 for varlable identification,

lean score of 7 judges' evaluatlons of 1 replicatlion of
each varlable.
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Table 11, Mean Scores and 3tandard Deviations for Texture,

Vari-

-

Sl Tt esa 3.0
Al 4,00 5,50 4,50 5,00 4.57 3,67  4.54%0,66
B 5.43 4,86 6,00 4,00 4.57 5,14  5.1720,77
¢ 6.4 3.06 3,33 4.00 5,86 471 4.65%L.14
D 6.00 3.57 3.83 4,14 4,43 5.57  4,59%0.98
E 443 4,67 4,67 4,00 5,86 4.29 4.65%0.64
F 5.57 6.00 5.43 4,86 5.43 4.00  5,05%0,75
G 5.29  6.14 5,71  3.57 5.86 5.43  5,33%0.92
H 5.43  4.14 3,67 4,71 4,57 4.00 4,4280.62
I 404 4,17 435 4,29 471 5.14  4.46%0,39

—

! Refer to code on page 44 for variable identification,

2 Mean score of 7 judges' evaluations of 1 replication of
each varlable,
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other custards and tue time required to reach 86°C was with-
in the range of timesAfor all other custards, Examination
of the baklng records does not reveal the reason for these

high standard deviations.

8sl

Table 12 lists the means scores and standard deviations
for the syneresis scores, Analysls of variance indicated no
significant difference at the 5 per cent level of probablli-
ty., The high standard deviation for custard C may have been
caueed by the low score for replication 3 and the relatively
high scores for replications 1 and 5. The texture score for
these replications of custard G showed simllar variation.
On'scorins texture, the taste panel indicated this custard
contained sqome holeg and therefore a greater amount of syn~

eresls would be expected.

Objective Tests

Zenetraglgg

The depth to which the penetrometer cone penetrated the
baked custards was used as a measurement of the firmness of
the custards. The mean penetrometer values with the crust
on and with the crust off and the differences 1in the mean
penetrometer values (crust off minus crust on) are included
in Tables 13, 14, and 15 respectively.

Analyses of varlance of the penetrometer values (from

which the values of the control were excluded) indicated
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Table 12, Mean Scores and Standard Deviatlions for Syneresis.

- v o . ————

Vari- N Reg}icat;%ns Grand
able 1 2 — o 5 Mean S.D,

- g —

Al 5,00° 6.00 4.8% 5.86 4,71 5.00  5,23%0,55

B 5,86 6.14 5.86 4.71 5.14 5.43 5.52%0.53
c 5.86 4.57 4.00 4,71 6,29 5.57  5,17%0.88
D 5,71 5.00 4,83 5.14 5,14 6,14  5,33%0,50
E 4,36 5,67 - 5.33 4.29 6.14 5.29  5,26%0.64
F 5.29 6.00 5.7l 5.71 5,00 5,17 5.48%0,38
a 5,70 6.14 5.57 4,57 6.29 5.43  5.6280.61
H 5.43 4,71  4.50 5.71 4,71 5,00  5,01%0.47
1 4,57 5.33 5.7 5.43 5,29 5,86  5.28%0,42

L.

! Refer to code on page 44 for varlable identification.

2 Mean score of 7 judges' evaluations of 1 replication of
each varlable. :
4



Table 13. Mean Penetrometer Values and Standard Deviations
on Baked Custards with the yrust Un, (Values in
mlllimeters).

Vari- Grand o
shle TT"“'T'B‘E%E"%' YT Mean 82
A'  28.02 27.6 29.2 28,0 28,7 28.6  28,4%0.59
B 27.6 27.3 26,7 27.2 27.7 28,1  27.4%0.48
¢ 27.9 23.1 28,9 26,7 27,3 26.5  27,6%0,9}
D 27,1 29.4 28.5 29.6 28.6 27.0 28.4%1,11
E 28,0 29.0 28,6 27,2 26.9 26,5  27,7%0.99
F 26.9 27.8 27.4 28,0 26.9 27,7  27.5%0,47
G 27,6 27.1 27.3 27,0 26,4 28,1 27.3%0.53
H 26.3 28,4 27,0 27.1 28.5 23.4 27.7%0.81
I 26,9 28,3 23,4 27,8 27.9 27,7  27.80,54
gggi 26,5 26,8 27.5 23,0 27.1 28.1  27.3%0.70

1
2

-

Refer to code on page 44 for varieble ldentification.

Mean score of 2 evaluatlons of 1 replication of each

variable.
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Table 14, liean Penetrometer Values and Standard Deviations
on Baked Custards with the Crust Off, (Values in
millizeters).

Vari- _Re ations Grand
gple TR 5T ean §.D,

Al 29,82 29,1 29.9 30.} 31.0 30.9  30.1%0.72

B 29,2 30,6 29.8 30,3 30.9 30.2  30.2%0,60
c 31.5 31.2 33,5 30.2 30.4 29,9 31.1%1.32
D 29,1 32,3 3.1 31.1 31.6 30.1  30.9%1,13
X 30,1 31,0 32.3 30.5 30.1 30.5 30.8%0.83
F 30,3 30.7 31,1 31.1 29.8 29,7  30.5%0.62
¢! 31,7 23.8 31,2 29.9 29,1 30,4  30.2%1.14
H 31,0 31,1 30.0 30.0 29.6 29.6  30,2%0.67
I 31.3 30,2 31.8 28,2 0.2 30.4 30.5%1.25
CON~

TROL 30,0 30.4 30.7 29,7 32.4 30,6  30,6%0.94

- g ” ™ e e .

! Refer to code on page 44 for varlable identification,

2 Lean score of 2 evaluations of 1 replication of each
varliable.
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Table 15, lean Penetrometer Difference Values and Standard
Deviations, (Values in millimeters).

Varie ——h1eplications Grand
able - 2 | — 5 Mean S.D,
A' 1,82 1,5 0.7 2.1 2,3 2.3 1.78%0,61
B 1.6 3.3 3,1 3,1 3.2 2,1 2.73%0.7T1
c 3.6 3.1 4,6 3.5 3.1 3.4 3.55%0.55
D 2.0 2.9 2.6 1.5 3.0 3,1 2,52%0,64
E 2,1 2.0 3.7 3¢3 3.2 4,0 3.,05%0,83
F 3.4 2,9 3.7 3,1 2.9 2.0 3,00%0,58
¢ 41 1,7 3.9 2.9 2.7 2.3 2.93%C.92
i 4,2 2.7 3.0 2.9 l.1 l.2 2.52%1.18
I 44 1.9 3.4 0.4 2,9 2.7  2.62£1.36
INL 3.7 3.6 3.2 1. 5.3 2.5 . 3.33l.22

L

1

-

-

-

Refer to code on page 44 for varlable identification.

2 Mean score of 2 evaluatlions of 1 replication of each

variable.



68

there were no significant differences in firmness with the
crust on, the crust off, or for the difference in the mean
penetrometer values. There is no real explanation for the
high standard deviations for several of the treatment vari-
ables since each value 1s an average of two readinge for one
replication (one inside bake and one outside bake)., There
was also the same number of front and back bakes for each
treatment. When comparing the mean penetrometer values
(crust on and crust off) for the nine treatment variables
with those of the control custard, it does not appear the
addition of the small amounts of food colors and peach fla-
vors altered the firmness of the gel structure to any extent,
Differences between mean penetrometer values for sam=-
ples with and without crust were recorded because it was
thought thls comparison might provide a possible measurement
of resistange due to the orust for each of the treatment
varlables. No conslstent trend appears with respect to the

three different colors or the three levels of flavor.

er GCen

The mean per cent sag and standard deviations are listed
in Table 16. Analysis of variance, excluding the control
custard, showed no significant difference among the nine
treatment variables.

The very hligh standard deviation for the control cus-

tard appears to be caused by the extremely high value for
the slxth replication. It is felt{ that difficulty in
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Table 16, Per Cent Sag and Standard Deviations of Baked
Custards.

abls T %“"-%%" —=——%" __lean. 5.D.
Al 6,40 4,58 7,52 4,92 15.42 4,80 T.27%4.15
B 6.69 6.99 6,34 T.34 T.71 9,30  7,43%0.97
¢ 8.89 T.52 7.71 5.04 7.16 6.99  7,22%1.26
D 9.52  9.52 7.91 7,52 5,17 14,68  9,05%3,19
) 9,09 4,92 T7.52 T7.71 5.04 9,09 7.23%1,86
F 6.69 4,80 10.52 7.7l T7.52 T.34%  7,43%1.85
el 7.52  T.34 4,92 4,92 7.34 6.99  6.51%l.24
H 6.99 4.92 4,80 4,92 6,69 10,00  6,39t2,02
I 7.16 T7.3% T7.16 T7.52 7.52 '4.80  6,92%1,05

TROL 4,80 7.16 7.71 7.16 6.99 20.00  8,97£5.50
! Refer to code on page 44 for variable 1dentification.
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removing the custard from the cup caused this high value;
this was evident wlth the sixth replication of custard D and
the fifth replication of custard A,

The high standard deviatlions for all treatment varie-
ables and the difficulties encountered in removing the cus=-
tard from the cup may indicate the method of performing the
test for per cent sag used in thls experiment is not suit=-
able for use on conventional baked custards., The per cent
sag test as conducted in this experiment has been used with
satlisfactory results in other types of gels (64). The per
cent sag, as measured by a different technlique, has bHeen
used successfully on baked custards by Mastic (44) and

Miller et al. (49).

§¥ne;ee;s

The mean per cent dralnage values and the standard de-
viations are listed in Table 17. Analysis of varlance of
per cent drainage, excluding the control custard, revealed
no significant difference.

The high standard deviatlons for custards D, E, and F
were caused by the very high values in the second and third
replications. These high values appeared to be connected
with the difficulty involved 1n removing the custard from
the cup. The custard would crack causing a greater amount
of dralnage. It must be noted that all but two of the stand-

ard deviations are higher than the corresponding means.,

These data do not represent true measurements of syneresis
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Table 17. Per Cent Dralinage and Standard Deviations of
Baked Custards,
Vari- Regl;cgtlons Grand
able 2 , Mean OS.D.
A' 0,00 0,90 1,20 0.00 0.96 0,34 0.57%0.52
B 0.03 0,00 0.44  0.45 0.00 1,60 0.43%0,61
C 0.00 0.84 1.64 1.80 0.60 0.00 0.71%0.85
D 1.64 3.85 2.74 0.00 0.87 0,00 1.52%1,55
E 0,62 2,30 2.26 1,56 0.09 0,00 1,14%1.04
r 0.43 3.83 1,51 0.00 0.00 0.41 1.04%1 .48
G 0.00 0.09 0.17 0.95 0,00 0,00 0.20%0,37
H 0.09 0,00 0.7 0,00 0.27 1.02 0,26%0,39
I 0.75 0.09 0.00 0.00 Q.Q0 0.00 0.14%0.30
TROL 0,00 0.00 1.46 0.00 0.08 0.56  0.35%0.58

1

hud

Refer to code on page 44 for varlable ldentification.
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and no definite conclusions should be based on then.

H adings

The range of pH readings over six replications for the
custard mix and for the baked custards are shown in Table 18,
The ranges were so close no analysis of variance was carried
out on the pH readings. 1In all cases the baked custards
were more alkaline than the custard mix, This result is in
accord with the findings reported by Logue (35), Lowe (38),
and Miller et al. (49).

By comparison with the control custard, it appears that
the addition of the small amounts of colors and flavors dld
not alter the acidity or alkalinity of the custard mixes or

the baked custards under the conditions of this experiment.
Correlation between Selected Measurements

Correlation coefficlents were calculated between selec-
ted objective measurements, between selected objJective and
subjective measurements and between selected subjective
measurements. The results are éhown in Table 19.

The penetrometer values (crust off) and the per cent
sag values were compared to determine the relationship be-~
tween these two objective measurements for firmneses. There
was no significant correlation between these two objective
tests indicating that one or both of these tests may be un-
reliable as an objective method of determining firmness of

baked custards.,
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Table 13. Range of pH Readings over Six Replications.

Vari- Rense ¢f pH for Ranze of pH for
able ’ iuctard Mix _ Baked Custard
Al 6,90 = 7.00 7.01 - 7.10
B 6.92 - 7.00 7.01 - 7.10
¢ 6.90 - 6.99 7.05 - 7.10
D 6.90 - 6.99 7.05 = 7.10
E 6.90 - 7.00 7.02 = 7.10
F 6,90 - 7.00 7.02 - 7.10
G .90 - 7.00 7.01 - 7.10
H 6.90 - 7.00 7.01 - 7,10
I 6.90 = 7,00 7.01 = 7.10

CONTROL 6.90 -« 7,00 7.02 = 7.10

! Refer to code on page 44 for variable identification,
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Table 19, Correlation Coefficients of Selected Measurements,

r

- Yalug

I. Between QObjectlive Measurements

Penetrometer Values (Crust Off) vs, Per Cent
Sag (Inverted, Crust Cn) +0,0768
II. Betweep Objective and Subjective Measurements

Penetrometer Values (Crust Off) vs.
Consistency Scores -0.1795

Per Cant Sag (Inverted, Crust On) vs.
Coneistency Scores +0.0857

Per Cent Drainase (Inverted, Crust On) ve,.
Syneresls Scores -0,2210

III. Between Subjective Measurements

Crust Color vs. Crust Flavor +0 . 5004
Inside Color vs., Inside Flavor - +0  4334%
Crust Color vs, Inside Color +0,3082#%
Crust~Flavor vs. Inslde Flavor +0,5649%:
Inside Flavor vs., Aroma +0,3592%

Texture vs, Syneresis +0.3550##
Consistency ves. Texture +0,3070%

P— ™ ———r— -

#% Significant at 1% level of probability.
# Significant at 57 level of probability.
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Caorrelation coefficienta were calculated on the taste
panel scores for conslistency with both the penetrometer
values (crust off) and the per cent sag values to determine
the reliabllity of these latter two tests, The results in-
dicate there were no significant correlations between elther
of thesé two objective measurements and the subjective evalu-
atlon for firmness. Panel scores for syneresls were not cor-
related with per cent drainage values, indicating this ob-
Jective measurement was not rellahle. The results for firm-
ness obtalned with the penetrometer in this experiment are
in accord with those of Bittner (3) and MacDougall (40),
both of whom indicated that the curd tension meter 1is é
better objective measure of gel strength than the pene-
trometer,

Table 19, part III shows comparisons between several of
the factors scored by the taste panel. There were hishl&
significant positive correlations between the following
pairs of judges' scores: crust color and crust flavor, in-
8lde color and inside flavor, crust color and inside golor,
crust flavor and inside flavor, A "halo effect" of color
impression on flavor judgment may be operating part of the
time. The inslde flavor and arpma scores were positively
correlated at the 5% level of probability. The highly sig-
nificant positive correlation exlsting between texture and
syneresls scores indlcates the texture scores increased as

the syneresie scores increased, inferring that with a better
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texture (fewer holes) there was a smaller amount of dralnage
in the baked custards. The Jjudges' scores for consistency
and texture gave a posltlive correlation significant at the

5% level of probability.



SUMMARY AND CONCLUSIONS

The purpose of this investigation was to study the ef-
fect of the additlion of the nine possible combinatlons of
three different peach colors and three levels of peach fla-
vor on the palatabllity and gel structure of standard baked
custard.

The baslo experimental formula consisted of constant
proportions of reconstituted dried whole milk, fresh whole
egs, and sucrose. Each of the nine treatment variables con-
_tained one of three peach colors ~ designated light, medium,
ahd dark color - and one of three levels of peach flavor =~
designated low, medium, and high flavor level. A control
custard having nelther added color nor added flavor was used
aé‘;'reference for the objective tests.

Six replications of each of the nine treatment variables
were prepared and evaluated by subjective and objective meth-
ods. Preparation of the custard mix, addition of the colors
and flavqors, and baking procedure were stahdardized a8 much
as possible. All samples were cooled to room temperature
before objective and subjective evaluations.

Room temperature and relative humidity of the labora-
tory during preparation and testing were recorded. Time~-
temperature relatlionships during baking were recorded on a
Brown Electronik Potentiometer High Speed Multiple Point

Recorder.
77
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The palatabllity of the baked custards was evaluated
subjectively by a taste panel of 7 persons (4 women and 3
men) on nine characteristics: crust color, crust tenderness,
crust flavor, inside color, aroma, inside flavar, consilste-
ency, texture, and syneresis, 1In rating the samples, a T=
point scale was used in which 7 was the highest possible
gcore. Objective measurements included pH of the custard
before and after baking, gel strength.as indicated by the
peneﬁromeber (crust on, crust off) and per cent sag, and
syneresis as indicated by per cent drainage.

Ahalysle of variance on the subjective scores for the
nine treatment variables indicated there were no significant
differences 1In six of the characterlstics: crust tenderness,
aroma, inside flavor, consistency, texture, and syneresis.
Therefore 1t may be concluded that for these characteristics
any of the nine varliable treatments would be equally accept-
able to the taste panel used in this experiment.

Significant differences among the nine treatment vari-
ables were found in the subjective scores for crust color
(1% level of probability), inside color (1% level of praoba-
bility), and crust flavor (5% level of probabllity), For
crust color and inside color the light color custards as a
group scored the lowest, and the medium color custards as a
group scqored the highest with the exception of custard G
which received the highest mean score for inside color.

This hign inside color score for custard G indicates csome
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of the taste panel members did not object to the dark inside
color of the custard but they 4id object to the dark crust
color. Thils reinforces the observation that the added color
concentrates in the crust, making the crust darker in color
than the inside portion of the custard.

For crust flavor, custard F (medium color, high flavor)
scored the highest, followed by custarde G and D, both cone~
taining the low flavor level and dark and medium colors, re-
spectively. This may indicate influence of the "halo effect”
of orust color ilmpression on the judges' scores for crust
flavor. 3Since the flavor seems to concentrate in the crust,
it would not be unreasonable to find the low level of flavor
:‘ratins high. 1In consldering the tﬁree subjective character-
lstics which were significantly different, it appears that
custard F (medium color, high flavor) was scored highest by
this taste panel.

For inside flavor, custard I (dark color, high flavor)
scored the highest, although the variable treatmentas were
not slgnificantly different. The medium color and high fla-
vor level custard (custard F) scored second highest and cus=
tard G (dark color, low flavor) scored third, It should be
noted the custard with high flavor level but low color (cus-
tard C) scored the lowest. As a group, the custards con-
talning the dark color recelved the highest score for inside
flavor. The evidence agaln seems to indicate the "halo ef-

fect™of color impression on flavor Jjudgment.
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It 1s evident the inside flavor scores were consistently
loyer than the crust flavor scores, reinforcing the observa-
tlon that the flavor, as well as color, concentrated in the
crust of the custard.

The results of the color and flavor scores indicate
there were more differences in the color characteristics
than in the flavor characterlistics of the nine treatment
variables.

Analyses of varlance of the obJjective measurements inw~
dicated no significant difference in the nine variable treat-
mente for gel strength and per cent drainage, High standard
deviations for all of the objective measurements raise the
question of the rellabllity and sultabllity of these objec~-
tive evaluation methods for baked custards.

There was no signifjcant correlatlion between penetrome~
ter values (crust off) and per cent sag values, and no sig-
‘nificant correlatldns between subjectlve and objective mea-~
surements for gel strength or for syneresis. These results
may indlcate the unrellabllity of the objective methods used,

Highly significant positive correlations were found be=-
tween several selected subjective measurements, The highly
significant positive correlations between crust color and
crust flavor and inside color and inslde flavor indicate the
"halo effect"” of color impression on flavor judgment.

Highly significant posltive correlations were also found
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for crust, color versus 1inside color, crust flavor versus jin-
slde flavor, and texture versus syneresis. Positive correla-
tions at the 5% level of probability were found for inside

flavor versus aroma and conslstency versus texture.
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Table 20, Colors and Flavors Used in Bakedlcuatards for
ObJjectlive Teats,

T v - R Latas o—

(Quantity for 1100 c.c. custard mix)

Color Color Color
Solut}on Solut*on Solut%on Flavgr Flavor Flavgr

Yerisble . #1 £2. o ﬁkmg? L

A 1.00 - - 0.55 0.28 0.1l
B 1,00 - - 1,10 0,55 0,22
c 1.00 - - 1.65 0.83 0,33
D - 1.00 - 0.55 0.28 0.1l
E - 1.00 - 1,10 0,55 0,22
F - 1.00 - 1.65 0,83 0.33
a - - 1,00 0.55 0.28 0.11
H - - 1,00 1,10 0.55 0.22
I - - 1.00 1.65 0.83 0.33

1 see page 91 fdr composltion of color solutions.

2 Imitation Peach Extract No. 7442, Food Materlals'Corpora-
tion, Chicago 18, Illinois.

5 1Imitation Peach Flavor with True Fruilt F-4710, Givaudan
Flavors Inc., New York 36, New York.

4 Flex~-Sol Imitation Peach Goncentrate F~4711, leaudan
Flavors Inc., New York 36, New York.
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Table 21. Colors and Flavors Used in Baked Custards for
Subjective Tests,

ey - P p y L,

(Quantity for 1500 c.c, custard mix)

Color Golor Color
SOIut*on Solut%on Solution Flavgr Flavgr Flavar
1 1

: m

m m m ml " m
A 1.36 - - 0.75 0.38 0,15
B 1.36 - - 1.50 0,75 0,30
c 1.36 - - 2,24 1,13 0.45
D - 1,36 - 0.75 0.38 0.15
o - 1,36 - 1.50 0,75 0.30
F - 1.36 - 2.24 1.13 Q.45
G - - 1,36 0.75 0,38 0.15
H - - 1.36 1,50 0.,75 0,30
I - - 1.36 2.24 1.13 0.45

g > -

1 See page 91 for composition of color solutions.

2 Imitation Peach Extract No. 7442, Food Materials Corpora=
tion, Chicago 18, Illinois

3 Imitation Peach Flavor with True Frult F-4T710, Givaudan
Flavors Inc., New York 36, New York,

4 Flex~Sol Imitation Peach Concentrate F-=4T1ll, Givaudan
Flavors Inc., New York 36, New York,
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Deseription of Flavors Used,

Table 22,
Flavor Composition Solvent Solubility pH
Imjtation Combination of 95%  Completely 640w
Peach Extract natural olls alcohol soluble in T.5
No. T&442 such as orange (23) alcohol; some (23)
(Food oil and syn= of the mater-
Haterlals thetic flavor= ials not
Corporation) ing materials soluble in

| (23). water (23),
Imitation Blend of alcohol Absolute 4,2
Peach Flavor synthetic and alcohol (16)
with True ingredients wvater and water
Frult F=-4710 wilth concen- '
(Givaudan trated peach
Flavors Inc.) extract (29).
Flex-Sol An emulsion water Not completely 4.l
Imitation of oil solu~ soluble in al~ (16)
Peach ble chemicals cohol due to
Concentrate and gum um arable
(Givaudan arablc (29). 29), Soluble
Flavors Inc.) in water,
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Table 23. Composition of Color Solutions.

Color FD&C * FD&C
Solution' Red No. 4 Yellcw No. 5
- mg ‘ ng
#1 (Light) . 330 220
+2 (Medium) 490 220
#3 (Dark) 730 660
- S —

! Powdered colors made up to 100 ml., solution with dise
tl1lled water. pH of all three color solutions was T.3.
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Exhibit 1. Procedure for Preparation of Colored and Flavored
Custard Mixes.

P;egargt;og of g;uid milk:

1, Remove one package of dried whole milk (504 grams)
from refrigerator and allow to come to room tempera-
ture. ‘

2, Welgh out 3496 grams tap water into aluminum saucege
pan and heat to 46°(Q,

3. Pour heated water into a l2-quart bowl of a Hobart
Mixer! and add DwM,

4. Mix DWM and water on speed #1 for 30 seconds using
the paddle attachment.

5. With a rubber spatula mix the milk by hand to break
down any lumps.

6, Mix the milk an additional 30 seconds on speed #l.

7. Place the mixing bowl in a cold water bath to cool
the mllkx rapidly to room temperature.

Prepargt;on of basic custarg g;g:

1, Breakx 15 fresh, she%l eggs into a 5-quart bowl of
a Kitchen Aid Mixer<.

2, Beat eggs for 3 minutes on speed #2 using a whip
attachment and then for 1 minute on speed #4,

3. Welgh out T48 grams of blended egg into a S5~quart
Kltchen Ald mixing bowl.

4. Add 291 grams of sugar to egg and blend egg-sugar
. mixture for 1 minute on speed #4 using the paddle
attachment.

5. Pour egg~-sugar mixture Into a l2-quart Hobart
mixing bowl,

6. Welgh out 3815 grams of the reconstltuted whole
milk and add to the egg~sugar mixture.

! Hobart model A-200 mixer, The Hobart Xfg. Co., Troy, Ohlo,
2 Kitchen Ald K5-A mixer, The Hobart Mfg. Co., Troy, Ohio,
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T. Mix the egg-sugar-milk mixture on speed #1 for 5
minutes using the paddle attachment.

8. Strain custard mix through a medium-fine, wirew~mesh
household strajiner to remove any undissoived parti-
cles,

9. Dlvide custard mix into smaller portions 1n S5=quart
stainless stéel bowls. Four portions of 7100 e¢.c.
each for objJective tests; three portlions of 1500
c.c. each for subjective tests.

édd;t;gn of color and flgvors:

1, Add color solution to custard mix using a 1 ml.
plpette,

2. Add flavors, one at a time, to custard mix using 1l
ml. pipettes.

3. Mix the added color and flavors into the custard
mix using a Kitchen Aid K5~A mixer with the paddle
attachment on speed #1 for 2 minutes.
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Exhibit 2. General Instructions for Peach Custard Taste
Panel Members.

1. Please do not eat, smoke, or chew gum for 1/2 hour prior
to the time of tasting.

2. Do not gilve any reactions, such as grimace, smile, or
vocal expression as you evaluate the sample.

3, You will receive taree custards, one at a time, to Jjudge
each day. All samples will be at room temperature. IYou
are to evaluate one custard at a time and complete your
scoring on that ocustard before another one is presented
to you. There will be a separate score sheet for each
custard. Since this 1s a color and flavor problem you
will be receiving ocustards of different color and differ-
‘ent levels of flavor. Remember to score each sample
independently of the others.

4, Judge the nine factors in the order in which they are
listed on the score sheet. Place a mark (X), using a
red pencil, in the block which most nearly fits your
evaluation rating of each sample. Be sure to score each
of the factors listed on the score sheet and to mark (X)
the appropriate descriptive term(e) for each factor you

rate 4 or below.

5. Between each sample eat some unsalted cracker and take
a drink of the water provided.

6. This sheet will be given to you each day you score to
remind you of the definitions and instructions below.

3696 33 36 3303 36 I3 33

PALATABILITY FACTORS: DEFINITIONS AND INSTRUCTIONS

Crust Color. Evaluate the crust color of the custard as it
appears in the custard cup. The crust color willl always be
more intense than the inside color.

grugg Tenderness. With your spoon, break through the crust
in the center of the custard and evaluate the tenderness of
a plece of the center crust.

Crust Flayor. Evaluate the flavor of a plece of crust taken
from the center to the outside of the custard cup,

Inside Color, Spoon some of the custard onto the plate pro-
vided and evaluate the inside color,
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Aroma. Evaluate aroma on the basis of a sniff obtained from
the custard remaining in the custard cup.

Inside Flavor. Taste some of the custard in the cup (without
crust) and evaluate the flavor.

Conslistency. Spoon some of the custard from the cup onto
the plate, cut through it with the edge of the spoon, and
make an evaluatlon. The custard should hold 1its shape when
spooned out but not make a brittle break when cut,

exture., Look at the custard in the cup, at the bottom and
around the sides., There should be no holes present. Taste
the custard to determine smoothness,

Syneresis. Look at the custard remaining in the cup and on
your plate. There should be little or no separation of the

liquid from the gel structure.

CHECK THE SCORE SHEET TO MAKE SURE NO FACTORS
HAVE BEEN OMITTED AND THE APPROPRIATE DESCRIPTIVE
TERM(S) FOR EACH FACTOR SCORED 4 OR BELOW HAVE BEEN MARKED (X)
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Exhibit 3, SCORE SHEET FOR PEACH CUSTARD
Judge Code no.
Date
Score Key: 7 - Excellent Instructions: In the appropriate columns,
6 - Very good place a mark (X) for the score which best
5 - Good expresses your evaluation of that factor,
4 - Medium For those factors scored 4 or below, mark
3 - Fair (X) the descriptive terms which best describe
2 - Poor the sample,
1 - Very poor
PALATABILITY SCORE VALUES
FACTORS T]l-6. 15441 3"]:2: 1 DESCRIPTIVE TERMS
__Unappetizing __Too red
CRUST COLOR __Too dark __Too yellow
__Too pale __Other
CRUST
TENDERNESS __Tough __Rubbery
__Too strong __Bitter
CRUST FLAVOR __Too weak ___Artificial
__Other
__Too dark __Too red
INSIDE COLOR __Too pale __Too yellow
__Other
__Too strong __Perfumy
AROMA __Too weak ___Other
__Too sweet __ Bitter
INSIDE FLAVOR __Not sweet enough _Artificial
__Too strong __Eggy
__Too weak __Other
__Too firm __Rubbery
CONSISTENCY __Not firm enough __ Brittle
___Other
__Not smooth __Many holes
TEXTURE __Several holes
__Slight syneresis
SYNERESIS __Pronounced syneresis
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Exhibit 4. Saample Calculation of Studentized Multiple Range
Test.

Based on data for Crust Color

General formula for standard deviation of the mean:

Sg = [s2 s2 = variance (error mean square)
n n = number of replications

Sample (see Table 2, pagze 47):

Sx =’O'027ZZ = 0.125

Studentized Multiple Range Values (1% level of probability)':
2 3 4 5 6 T 8 9

——

3.82 3.99 4.10 4.17 4.24 4.30 4.34 4.37

Shortest Significant Ransesaz

20 () & () 6 O 3 )
48 .50 .51 .52 .53 .54 ,54 .55

Crust Color Mean Scores:

Treatuent
variable: C B H I A G E D F

Mean Score: 3.63 3.69 4.61 4.81 4.92 5.10 5.22 5.29 5,60

Any two means not underscored by the same line are sig-
nificantly different. Any two means underscored by the same
line are not significantly different (17).

-—

Duncan (17).

2 3hortest Significant Ranges = Studentized Multiple Range
Values x Sg. If the difference between any two scores
exceeds the shortest significant range value, those
scores are significantly different.
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Conclusions:

Treatment varilable F scored significantly higher than
treatment variables A, I, H, B, and C.

Treatment varlables D and E scored significantly higher
than treatment variables H, B, and C.

Treatment varliables G, A, I, and H scored significantly
higher than treatment varlables B and C.



